Introduction
Host genetic factors play an important role in susceptibility to HIV-1 infection and progression to AIDS. Repeated sexual exposure to HIV-1 does not always result in infection. Although several factors have been related to HIV-1 infection resistance, the possible genetic mechanism underlying this resistance presently remains elusive [1, 2] . The most investigated genetic factor associated with HIV-1 infection resistance is the homozygous presence of a 32-bp deletion in CCR5 gene (CCR5 delta 32) [3] , i.e., the main co-receptor used by the macrophage (M)-tropic strain of the virus to infect peripheral blood mononuclear cells.
The dendritic cell receptor, DC-SIGN (dendritic cellfamily. They can act as both cell-adhesion receptors and pathogen-recognition receptors and shares 77% amino acid identity [4] . They appear to have related and perhaps overlapping abilities to bind mannose, GlcNAc, and fucosecontaining ligands. These sugar-binding proteins have been ascribed multiple roles in the innate and adaptive immune response [5] . Both DC-SIGN and DC-SIGNR have been of considerable interest because of their ability to enhance infection of T cells by the HIV-1 and because of their interactions with glycoproteins found on the surface of other enveloped viruses [6] . As pathogen-recognition receptors, these lectins have been shown to recognize a vast range of microbes, some of which are of major public health importance. Indeed, DC-SIGN captures bacteria such as Mycobacterium tuberculosis, Helicobacter pylori, and certain Klebsiella pneumonia strains; viruses such as HIV-1, Ebola virus, cytomegalovirus, hepatitis C virus, dengue virus, and SARS-coronavirus; and parasites like Leismania pifanoi and Schistosoma mansoni. With regard to DC-SIGNR, studies to date have shown an interaction with a variety of viruses, including HIV, hepatitis C virus [18] , Ebola virus [19] and coronavirus, as well as with the parasite S. mansoni [7] . Both DC-SIGN and DC-SIGNR are organized into three domains: an N-terminal cytoplasmic region, a neck region containing seven tandem repeats of the 23 amino acid sequence, and a C-terminal domain with homology to Ctype lectins. This neck region presents high nucleotide identity between repeats, both within each molecule and between DC-SIGN and DC-SIGNR. It has been shown that this region plays a crucial role in the oligomerization and support of the carbohydrate-recognition domain, thus, influencing the pathogen-binding properties of these two receptors [8] [9] [10] . The neck region of DC-SIGN and DC-SIGNR may be important in determining the orientation of the carbohydrate-binding C-type lectin domain and may therefore have an impact on ligand specificity [5] . DC-SIGN may be important in facilitating intrauterine vertical transmission of HIV [11] . Recent data demonstrate the capacity of both DC-SIGN and DC-SIGNR to mediate cellular entry of Ebola virus both in cis and in trans [12] . In this context, the efficiency of the DC-SIGN and DC-SIGNR in pathogen recognition and subsequent processing may have important consequences for the quality of host immune responses and consequent pathogen control and/or clearance.
The tandem repeats in the neck region are variable in both DC-SIGN and DC-SIGNR. In contrast to DC-SIGN, DC-SIGNR has considerable polymorphism in the neck region (tandem repeat domain of exon 4) which consists of three to nine repeats of a 69-base pair segment, with seven repeats being predominant in the general population [13] . Recent studies have provided evidence linking polymorphism in the neck of DC-SIGN and DC-SIGNR with susceptibility to HIV-1 infection [15] . Heterozygous DC-SIGN individuals were shown to be at reduced risk of HIV-1 infection [14] . In some recent studies, DC-SIGNR homozygous 7/7 repeat in the neck region was associated with an increased risk of HIV-1 infection, whereas DC-SIGNR heterozygous 7/5 repeat was correlated with resistance to HIV-1 infection [15] , while earlier studies could not detect any association between DC-SIGNR repeat region polymorphism and HIV-1 infection [17] . Homozygosity for DC-SIGNR/L-SIGN repeat region was also associated with protective role during SARS infection [16] .
As there is a large ethnic variation in the prevalence of the described polymorphisms and studies on the role of DC-SIGN and DC-SIGNR in HIV-1 disease transmission have yielded conflicting results, we sought to investigate the effect of DC-SIGN and DC-SIGNR neck domain repeat polymorphism on HIV-1 susceptibility among North Indian HIV-1 seronegative, HIV-1 seropositive, and HIV-1-exposed seronegative individuals.
Material and Methods
Patient Selection One hundred sixty-eight HIV-1 seropositive patients (HSP) were enrolled from the outpatients attending the clinics of Sanjay Gandhi Post Graduate Institute of Medical Sciences, India from January 2004 to November 2006. Most of the patients were from the state of Uttar Pradesh in North India. Two hundred sixty-two agematched controls were healthy staff members of institute with HIV-1 seronegative status. Forty-seven HIV-1 seronegative individuals with history of repeated sexual intercourse (twice a week) without any protection with HIV-1-infected partners for at least 1 year were recruited in HIV-1-exposed seronegative group (HES). HIV-1 seronegative status of the HES subjects was confirmed by Western blot at the regular interval of 3 months until 1 year. Demographic profiles of the study groups are given in Table I . All the subjects with similar ethnicity were randomly selected from same source population. After an informed consent, 5-ml blood sample was taken in EDTA for analysis of DNA.
Determination of HIV-1 Status All individuals were screened for their HIV-1 status by primarily screening with enzyme-linked immunosorbent assay (Vironostika, HIV Uni-FormII Ag/Ab, Biomerieux, Netherlands) and subsequently confirmed with Western blot (LAV Blot I, BioRad, France).
Genomic DNA Isolation The genomic DNA samples were obtained from 0.2-0.3 ml peripheral whole blood using QIAamp Blood kit (Qiagen, CA, USA) according to the protocols supplied by the manufacturer. Usually, ∼0.1 μg genomic DNA was used for the genotyping studies.
Genotyping of CCR5 delta 32 Mutation CCR5 delta 32 genotype was determined by sizing polymerase chain reaction (PCR) amplicons that include the entire region of the deletion. PCR was conducted in a 25-μl reaction containing 50 ng of genomic DNA, 5 pmol of each primer, 175 μM dNTPs, 1.5 mM MgCl 2 , 10X PCR buffer and 0.5 U of Taq polymerase (Roche). Thermocycling procedure (PerkinElmer 9600) consisted of initial denaturation at 94°C for 4 min followed by 35 cycles of 94°C for 30 s, 52°C for 45 s and 72°C for 1 min, and final extension of 72°C for 7 min. Amplicons were visualized by ultraviolet transillumination in 2% agarose gel containing ethidium bromide. The sense primer was 5-TGTTTGCGTCTCCCAG-3 and antisense was 5-CAC AGC CCT GTG CCT CTT-3, which result in a 233-bp product for the wild-type amplicon and 201 bp for the deletion product.
Genotyping of DC-SIGN Neck Repeat (Exon 4)
The DC-SIGN repeat region in exon 4 was amplified from genomic DNA with the following pair of primer: forward: 5′-CCA CTT TAG GGC AGG AC-3′ and reverse: 5′-AGC AAA CTC ACA CCA CAC AA-3′ with some modifications as mentioned by Liu et al. [11] . PCR amplification was performed in a volume of 25 μl containing 0.25 mmol/l dNTPs, 1.0 μmol/l each primer, 1 μl glycerol, 2.5 mmol/l MgCl 2 , and 1.0 U Taq polymerase (Roche) in a 1X reaction buffer. The cycle conditions were 5 min at 94°C followed by 30 cycles of 15 s at 95°C, 7 s at 61°C, 30 s at 72°C, and then a single cycle of 7 min at 72°C. Wild-type alleles (7/7) yielded 852 bp PCR products. Alleles were differentiated on the basis of 3% agarose gel and ethidiumbromide staining.
Genotyping of DC-SIGNR Neck Repeat (Exon 4)
The DC-SIGNR repeat region was genotyped by use of the following pair of primer: forward: 5′-TGT CCA AGG TCC CCA GCT CCC-3′ and reverse: 5′-GAA CTC ACC AAA TGC AGT CTT CAA ATC-3′ with some modifications [12] . PCR amplification was performed in a volume of 25 μl containing 0.25 mmol/l of each dNTP, 1.0 μmol/l of each primer, and 1.0 U of Taq enzyme in 1X reaction buffer. The cycle conditions were as follows: 94°C for 5 min followed by 35 cycles of 94°C for 5 s and 70°C for 1 min, and then one cycle of 70°C for 10 min. Alleles were differentiated on the basis of 3% agarose gel and ethidiumbromide staining. Gel documentation was done by Alphaimager™ 1220, Alpha Innotech Corporation (San Leandro, CA, USA).
DNA Sequencing PCR-amplified fragments of both DC-SIGN and DC-SIGNR alleles were randomly selected to be cloned and sequenced according to the manufacturers protocols (Applied Biosystems/Perkin Elmer Foster City, CA, USA) using the dye terminator cycle sequencing kit in ABI PRISM 310 genetic analyzer.
Statistical Analysis Statistical analysis was done by SPSS software version 11.5 (SPSS, Chicago, IL, USA). Direct gene counting method was used to determine the frequency of genotypes and alleles. The Fisher exact or χ 2 test was used to determine differences in allele/genotype frequencies of DC-SIGN and DC-SIGNR polymorphism. Odds ratios (OR) and its 95% confidence interval (CI) were obtained to describe the strength of association. A p value <0.05 was considered to be statistically significant.
Results
We examined DC-SIGN and DC-SIGNR exon 4 repeats polymorphism in neck region among 262 HIV-1 seronegative healthy controls, 168 HIV-1 seropositive, and 47 HIV-1-exposed seronegative. Genotyping of CCR5delta 32 mutation was done to rule out any possibility of protection/ resistance conferred by CCR5delta32 mutation in HIV-1-exposed seronegative group. None of the 47 HIV-1-exposed seronegative individuals has this mutation. Striking differences were observed between the degree of polymorphism of two genes, i.e., DC-SIGN and DC-SIGNR. The strong difference in the neck region lengths between the two genes was consequently visible in the heterozygosity values: DC-SIGN exhibited an overall heterozygosity of only 0.38%, whereas DC-SIGNR presented a value of 48.85% (Table II) . Our findings agree with previous studies of Barrerio et al. [7] suggesting that DC-SIGN has been under strong selective constraints that prevent accumulation of any amino acid changes overtime, whereas DC-SIGNR variability has most likely been driven by the action of balancing selection in North Indians also.
Genotyping of DC-SIGN Exon 4 Tandem Repeat Polymorphism In the studied North Indian population, the genetic polymorphism in DC-SIGN neck region was rare.
Allele 7 was most common, and its frequency was 99.62%. Among all the North Indian individuals genotyped, only one individual from HSN group was found to be heterozygous 8/7 mutant, as shown in Fig. 1 . There were no statistically significant differences of DC-SIGN genotype/ allele between different groups studied (data not shown). Number in parentheses gives the data in percentage. HSP HIV-1 seropositive, HSN HIV-1 seronegative, HES HIV-1-exposed seronegative alleles in all the study groups is summarized in Tables III  and IV , respectively. A total of 13 genotypes in the DC-SIGNR repeat region based on numbers of repeats (ranging from 4 to 9) were found, as shown in Fig. 2 (Table II) . No significant differences in the Number in parentheses gives the data in percentage. HSP HIV-1 seropositive, HSN HIV-1 seronegative, HES HIV-1-exposed seronegative distribution of DC-SIGNR genotype frequencies were found when compared between HIV-1 seropositive, HIV-1 seronegative and HIV-1-exposed seronegative individuals after stratifying them on gender basis (data not shown).
Genotyping of DC-SIGNR Exon 4 Tandem Repeat Polymorphism The frequency of DC-SIGNR genotypes and

Discussion
Humans demonstrate significant variability in their susceptibility to HIV-1 infection. Genetic epidemiological cohort studies have shown that polymorphism in the genes encoding chemokine receptor CCR5 (i.e., CCR5 delta 32) is associated with resistance against acquiring HIV infection in HIV-1-exposed seronegative individuals. Homozygous CCR5 delta 32 accounts for the resistance to HIV-1 infection in a small proportion of HIV-1-exposed seronegative individuals, whereas major part of the resistance conferred to these individuals is still unknown and to be elucidative. The existence of exposed yet uninfected individuals suggests that natural and acquired immunity to HIV exists and is a major determinant of clinical outcome. Variation in human genes having innate antiviral function may contribute to these alterations in gene expression or protein function. Understanding the effects of polymorphism in innate antiviral factor on HIV-1 susceptibility has provided essential insights in novel variants in DC-SIGN and DC-SIGNR exon 4 neck domain gene sequence. The DC-SIGN and DC-SIGNR lectins function as a trans-receptor for HIV-1. The exon 4 of these lectins comprises of variable number of 69 base pair tandem repeats encoding for parts of the extracellular neck domain. It has been shown that polymorphism in DC-SIGN and DC-SIGNR neck domain has significant effects in the transmission of HIV-1 infection. However, studies of genetic polymorphism effect on protection against HIV-1 infection have been less substantial.
In the present study, we analyzed the impact of the tandem repeat polymorphism in exon 4 of the DC-SIGN and DC-SIGNR gene with respect to the inter-individual transmission of HIV-1 infection. All HIV-1-exposed seronegative individuals who were found to be CCR5 delta 32 negative were enrolled to study the effect of DC-SIGN and DC-SIGNR exon 4 variants against HIV-1 susceptibility. We found no significant differences with regard to the overall DC-SIGN allele/genotype frequencies in a group of HIV-1 seropositive (HSP) compared to HIV-1 seronegative (HSN) and HIV-1-exposed seronegative (HES) individuals. Thus, the DC-SIGN genotype does not seem to influence the host's susceptibility to the HIV-1 infection in North Indians. Whereas, Liu et al. [14] reported that heterozygous DC-SIGN reduced the risk of HIV-1 infection (3.2% in exposed seronegative individuals vs 0.0% in HIV-1 seropositive individuals; p=0.011). A likely explanation for this discrepancy may be because of variation in number of sample studied.
The results of the present study suggest that individuals with the DC-SIGNR homozygous 5/5 genotype in the neck region have a reduced risk of HIV-1 infection (p=0.009). Lichterfeld et al., in their comparison of 134 healthy volunteers and 391 HIV-1 seropositive individuals, did not detect any association between DC-SIGNR repeat-region polymorphism and HIV-1 transmission and clinical progression to AIDS [19] . The probable explanation for Lichterfeld's failure to detect any association between DC-SIGNR repeat-region polymorphisms and HIV-1 transmission is that the study did not include HIV-1-exposed seronegative groups as also suggested by Liu et al. [15] . Impact of DC-SIGNR repeat-region polymorphisms on clinical progression of HIV-1 seropositive patients to AIDS could not be done in the present study, as patients could not be classified on the basis of number of years of known seroprevalence without antiretroviral therapy and viral load (data not available). Recently, Liu et al. [15] reported that DC-SIGNR homozygous 7/7 repeat was associated with an increased risk of HIV-1 infection (17.5% in high-risk HIV-1 seronegative individuals vs 28.5% in HIV-1 seropositive individuals; p=0.0015), whereas the DC-SIGNR heterozygous 7/5 repeat tended to be correlated with resistance to HIV-1 infection (35.5% in high-risk HIV-1 seronegative individuals vs 27.6% in HIV-1 seropositive individuals; p=0.0291). Whereas in the present study, although homozygous 7/7 individuals were more frequent in HIV-1 seropositive (47.61%) than HSN group (41.2%, p=0.197) and HES (36.17%, p=0.135), no significant association could be established. This suggests the need for larger number of individuals to be studied. We also did not find any significant differences in heterozygous 7/5 repeat between different group studies. The discrepancy between these results may be partially explained by the number of individuals included in the studies and/or by the relative impact of the different populations.
DC-SIGNR homozygous 7/7 repeat associated with an increased risk of HIV-1 infection [15] can be partially explained on the basis that extended neck regions (7/7 repeat) stabilizes tetramers of the DC-SIGNR, directing these receptors away from glycans on glycoprotein in the same cell membrane and toward pathogen surfaces [5] whereas in the present study, individuals having DC-SIGNR homozygous 5/5 repeat have reduced risk of HIV-1 infection can be justified as short DC-SIGNR receptors will not be easily accessible for HIV-1 binding [5] . Moreover, five repeat in the neck region can, although, form stable tetramers, but with the least affinity to target molecule HIV-1 gp120 [22, 23] . The affinity enhancement displayed towards oligosaccharide is due, in part, to multiple binding modes at the primary calcium ion site, which provide both additional contacts and statistical enhancement of binding [21] . Gramberg et al. [20] showed that DC-SIGNR alleles with five or six repeat units in the neck domain are expressed efficiently and augment viral infection similarly to wild DC-SIGNR which contains seven repeat units [20] . There might be indirect mechanism, which accounts for an association of DC-SIGNR homozygous 5/5 repeat genotype with reduced risk of HIV-1 infection in North Indian individuals. Nonetheless, the mechanism whereby DC-SIGNR repeat region polymorphisms affect HIV-1 transmission remains an area for future study.
Differential susceptibility to HIV infection in males and females with respect to DC-SIGNR neck repeat polymorphism have been recently reported [24] , whereas no significant association was found when we stratified our data on gender basis likely due to differences in sample size of females studied and ethnicity.
To the best of our knowledge, the present study is the first to investigate the allelic distribution of the genetic variants DC-SIGN and DC-SIGNR in a group of North Indian HIV-1 seropositive, HIV-1 seronegative, and HIV-1-exposed seronegative. Although potential limitations of our study must be considered, our results showed a protective effect of DC-SIGNR homozygous 5/5 repeat region in the North Indian HIV-1-exposed seronegative population. This necessitates further molecular studies involving larger cohort sizes with longitudinal follow-up to confirm and fully describe the influence of DC-SIGN and DC-SIGNR host gene polymorphism on HIV-1 susceptibility, transmission, and disease progression in the North Indian population.
